The QIAs of four Mycaplasma and one Acholeplasma species were found to cogtain methylated bases. All of the five species contained 6-methyladenine (m Ade), the methylated base characteristic of prokaryotic DNA. The extent of methylation of adenine residues in the mycoplasmal DNA ranged from 0.2% in Mycoplasma oapvicolwn to about 2% in Mycoplasma arginini and Mycoplasma hyorhinis with intermediate methylation values for Mycaplasma orale and Acholeplasma laidlauii DNAs. About 5.8% of the cytosine residues in M. hyorhinis DNA were methylated also. Analysis of cell culture DNA for the presence of m Ade as a means for detection of contamination by mycoplasmas, and the phylogenetic implications of the finding of methylated bases in mycoplasmal DNAs are discussed.
INTRODUCTION
Methylated bases occur in the DNA of essentially all organisms examined so far (1) . The DNA can be methylated either at adenine residues (N -methyladenine, m Ade) and at cytosine residues (5-methylcytosine, m Cyt). DNA of prokaryotes contains m Ade, m Cyt, or both, whereas the eukaryotes methylate their DNA exclusively at cytosine residues (2) . In a very few exceptions, m Ade was reported to exist in DNA isolated from eukaryotic cells (3, 4) .
The biological significance of DNA methylation is still obscure. The only biological process in which DNA methylation is knownat the present to play a major role is the restriction-modification phenomenon in bacteria (2) .
The mycoplasmas form a very large and prevalent group of prokaryotes with several unique properties. They are the smallest self-reprod.ucing organisms and, in addition, lack cell walls, a property which distinguishes them from all other prokaryotes. The genome size of many mycoplasmas (included in the genera Mycoplasma and Ureaplasma) is about 5 x 10 daltons, the smallest genome recorded for any self-reproducing prokaryote. The Acholeplasma, Q Spivaplasma, and Thermoplasma species have a genome size of about 1 x 10 daltons, about the size of the smallest genome of wall-covered bacteria.
Another interesting property of the mycoplasma DNA is its low guanine plus cytosine (G + C) content, the loweat value being close to 25% in some species (5, 6) .
Although data revealing the scarcity of modified bases (including m Ade and m Cyt) in transfer RNAs of some mycoplasmas have been reported (6, 7) , no information is available on methylated bases in mycoplasmal DNA. The recent development of sensitive and specific techniques for detection and quantitation of the minor bases prompted us to study DNA methylation in mycoplasmas.
The test organisms were selected to represent mycoplasmas with different genome size and G + C content. Another consideration was to include species of mycoplasmas known to contaminate cell cultures. Eukaryotic cell cultures are now routinely used in studies on DNA methylation. Cell cultures are most frequently contaminated by mycoplasmas, an infection which in many cases goes undetectable (8) . It seemed, therefore, of importance to elucidate the DNA methylation patterns of the species which are the most common contaminants of cell cultures: M. orale, M. acrginini, M. hyorhinis and A. laidlauii (8, 9) .
MATERIALS AND METHODS
Organisms and growth conditions. A. taidtawii (oral strain), M. capricolum for another 16 h. In vivo labeling of M. hyorhinis DNA was carried out in the modified Edward medium described above. The labeled methionine was added to a one-day old culture, and the organisms were harvested after an additional incubation period of two days at 37°C. Collection of the organisms by centrifugation and their washing were as described above.
DNA preparation and hydrolysis. The washed mycoplasma cells suspended in 0.1 H EDTA were lysed by the addition of sodium sarcosinate (Sigma Co.) to a final concentration of 1% (w/v). The resulting clear lysate was digested by 50 yg/ml of Protease K (Merck Co.) for 2 h at 37°C. RNase A (50 ug/ml) was added and incubation was continued for another 30 min. A solution of 5 M NaClCL (0.1 vol) followed by one vol of chloroform:isoamyl alcohol (24:1, v/v) were added to the lysate and the resulting mixture was shaken for 30 min. The two phases were separated by centrifugation (2,000 rpm, 10 min) and the aqueous upper phase was collected and supplemented with two vol of ethanol. DNA was spooled on a glass rod, dried under vacuum, and dissolved in 0.5 M NaCl. RNase treatment (50 yg/ml) was repeated at this high salt concentration. One vol of 10% polyethylene glycol was added and the DNA spooled. After repeating this treatment the polyethylene glycol was removed by several subsequent extractions with chloroform. The pure DNA obtained was precipitated by two vol of ethanol, dissolved in HjO and dried in ampoules. Each ampoule received 200 ul of 88% formic acid, ampoules were sealed and hydrolysis was performed at 180°C for 1 h. In order to verify unambiguously the presence of these minor bases in the DNA preparations, cultures of M. capvicolwn, M. hyorhinis and A. laidlcuii were grown in media supplemented with [Tl methyl]methionine. The DNA of the organisms was extracted, hydrolyzed and the resulting free bases were separated by two-dimensional TLC. Table 1 shows that in M. oapricolum and A. laidlauii DNA the only minor base labeled was m Ade, whereas in M. hyorhinis DNA both m Ade and ni'Cyt were labeled.
It is very difficult to quantitate minor bases on the basis of labeling experiments. The radioactivity values in the TLC spots of the minor bases were generally low and, as can be seen in Table 1 , some of the radioactivity was also associated with spots other than those of the methylated bases, particularly the thymine spot (12,It). We decided, therefore, to apply HPLC for the quantitative analysis of the minor bases. About 5-10 pg of unlabeled DNA sufficed for each assay. The elution patterns of the major and minor bases of the DNA from the five different mycoplasmas is shown in Fig. 1 . The results of the quantitative analysis of the major and minor bases of the DNA of the various mycoplasmas, calculated from the peak areas and the molar absorption coefficients of the bases at 280 nm, are presented in Table 2 . The data in Table 2 Table 1 . Distribution of radioactivity in bases derived from DNA labeled in vivo with [TI methyl]methionine. Labeled DNA was hydrolyzed and the free bases were chromatographed as described in Materials and Methods. The spots observed by uv were scraped off and counted in toluene scintillation liquid. Ade, adenine; Cyt, cytosine; Gua, guanine; Thy, thymine; m Cyt, 5-methylcytosine; m Ade, N -methyladenine. Table 2 . Base composition of the DNA from the various mycoplasmas. Bases were separated by HPLC as described in Materials and Methods and recorded in Fig. 2 . Peak areas were cut and weighed (21) and the molar fraction of each base was calculated according to the weight of the peak area and the molar absorban-» coefficient of the base. Molar fractions given in the 
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DISCUSSION
Our results show that the DNA of mycoplasmas contains methylated bases, like the DNA of other organisms. This finding supports the ubiquitous nature of methylated bases, and the notion that they play an important role(s) in the biology of cells (2) . The methylated base found in the DNA of all five species tested by us is m Ade. In this respect the mycoplasmal DNA resembles DNAs of other prokaryotes and differs from the eukaryotic DNA, which is almost exclusively methylated in cytosine residues (2) . The extent of methylation of the adenine residues in the mycoplasmal DNA also resembles that reported for other prokaryotes (15) , with the exception of M. capricolwn, where only 0.2% of the adenine residues are methylated. This value is much lower than that found in other bacteria, and is close to the extremely low methylation value of the bacteriophage <f>xr7t DNA, where only 0.1% of the cytosine residues are methylated (12) .
The different degrees of methylation of adenine noted among the mycoplasmas tested, and the finding of both m Ade and m Cyt in M. hyorhinie, can be taken as another example to illustrate the wide phylogenetic diversity among mycoplasmas (16, 17) . Analysis of the methylated sequences in the mycoplasma DNA by restriction enzymes is now undervay in our laboratory.
As a by-product of our study, the base composition of the DNA of the five species tested was determined directly by the highly sensitive and reproducible HPLC technique. The values obtained (Table 2 ) are in good agreement with the reported values derived mostly from indirect methods, such as isopycnic centrifugation, or thermal denaturation curves of DNA (5).
Since eukaryotic DNA does not contain m Ade, the detection of this methylated base in cell cultures may serve as an indication for contamination by mycoplasmas. The methods employed by us can detect m Ade in DNA in which no more than 0.05% of the adenine residues are methylated (see value for M. capricolum in Table 2 ). Obviously, the number of mycoplasmas in contaminated cell cultures varies greatly. Nevertheless, in most cases the number of viable mycoplasmas in contaminated cell cultures was found to range between 5 8 10 to 10 organisms/ml (9) , so that a ratio of 1000 mycoplasmas per eukaryotic cell may be considered feasible and, in fact, was experimentally obser- The observation of methylated bases in mycoplasmal DNA raises the question whether some of these modifications are associated with restrictionmodification systems. It is of great interest and practical importance to search for new restriction enzymes in this group of organisms. One restriction enzyme (Thai) was already isolated from Thermoplasma addophilum (20) .
Undoubtedly more restriction enzymes will be found in these small organisms in the future.
